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Amplitude Analysis of the Reaction K'p =7 Y*'(1385)F

M. Aguilar-Benitez, * §. U. Chung, R. L. Eisner, and R. D. Field

Brookhaven Nalional Laborafory, Uplon, New York 11973
(Recelved 19 June 1972)

Wo present a model-independent amplitude analysis of the reaction X p—1"¥**{13585)
at 3.9 and 4.6 GeV/c incident momenta. By obhserving the two-step decay of the ¥+**{1385)
we determine the magnitudes and two relative phases of the four independent transversity
amplitudes which describe the reaction. These amplitudes are found to be in rough agree-
mont with the predictions of the naive quark model; however, the predictions do not hold

oxactly.

®» The “un

®» Min-Bias and the “underlying event”. |
®» The “underlying event” in Drell-Yan production.
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Elastic Scattering Single Diffraction Double Diffraction

N

Inelastic Non-Diffractive Component _Hard Core

The “hard core” component
contains both “hard” and
“soft” collisions.

/ \ “Hard” Hard Core (hard scattefing) ...

“Soft” Hard Core (no hard scattering) PT(hard)
Proton Proton Proton

Underlying Eyent __ ———4/A Qe _ Underlying Event
......... » Initial-State
- Radiation

% Final-Stat

% Radiatio

Outgoing Parton 3
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=®» The inelastic non-diffractive cross section versusenter-of-mass energy from PYTHIA (x1.2).

®» 0, varies slowly. Only a 13% i
Linear on a log scale!

LHC@BNL Workshop
February 8, 2010

ncrease between 7 Te¥ 68 mb) and 14 teV £ 66 mb).
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)CD Viente-Carloe VModels:

H]E'ﬂ Transverse Momentum: Jet

Hard Scattering

Outgoing Parton

Initial-State Radlatlon PT(hard)
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“Hard Scattering” Component
—_—

Proton

: Final-State Radiation
v

Proton

Outgoing Parton
Underlying Event

Proton Proton

s Jetil-State Radiation
Outgoing Parton v

Underlying Event Underlying Event

“Underlying Event”

and add initial and final-
approximation).

=» Start with the perturbative 2-to-2 (or sometimes 2-6-3) parton-parton scatt
state gluon radiation (in the leading log approxim#on or modified leadi

=» The “underlying event” consists of the “beam-beam rennants” an
semi-soft multiple parton interactions (MPI).

rticles arising from soft or

» Of course the outgoing colored partg The “underlying event’is an unavoidable )y, «;nderlying event’

observables receive contributions frg background to most collider observables
and having good understand of it leads to

more precise collider measurements!
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CDE Run 1: Evolution or Charged J

= Iy 1
“Unaerlyingl Event:
Charged Jet#1 Charged Particle Ag Correlations Logkl atdthe s:theyrgtehd
. . parucie aensity In tnhe
Direction I:)T > 0.5 GeV/c |h| <1 X “transverse” region!
1]
/

“Transverse” region
very sensitive to the CDF Run 1 Analysis Away Region

“underlying event”! “Toward-Side” Jet

Charged Jet #1 |
Diregtion -/

Leading
¢ Jet

A
p.
( “Toward”
\ \

“Transversgg ransverse”
Toward Region

“Transverse” “Transverse”

Transverse
Region

Away Region

‘Away-Side” Jet

® ook at charged particle correlations in the azimuhal angleAg@relative to the leading charged

particle jet.
®» Define|Aqg < 60 as “Toward”, 60° < |A@ < 120 as “Transverse”, and |Ag| > 126 as “Away”.

® All three regions have the same size ip-@space AnxA@= 2x126 = 4173.
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MPI constant

probability

scatterin
r PYTHIA default parameters ] : _ :

"Transverse" Charged Particle Density: dN/dnd@

Parameter | 6.115| 6.125| 6.158| 6.206 | CDF Data | Pythia 6.206 (default)

) data uncorrected MSTP(82)=1
MSTP(81) 1 1 1 1/ g 0.75 | theorycorrected | ____ PARP(81)=1.9GeVic ______ E 7777777 %
MSTP®2) | 1 | 1 | 1 £l EEEHHEM{ }§ ﬂﬁﬁﬁﬂﬁﬁﬂhﬂ% ﬁ
PARP(81) | 14 | 1.9 | 1.9 | 1.9 ¢ { ________
PARP(82) | 155 | 2.1 | 2.1 | 1.9 |§°7] ST

= 1.8 TeV [n|<1.0 PT>0.5 GeV
PARP(89) 1,000| 1,000f 0.0 | | | | | | | | |

0 5 1 15 20 25 30 35 40 45 50

PARP(90) 0.16 | 0.16 / PT(charged jet#1) (GeV/c)
PARP(67) | 4.0 4.0 1.0 1.0 [— —creQaL [/ | cTEQaL CTEQSL ® CDFMin-Bias 0O CDF JET20
= Plot shows thg‘Transverse” charged particle density versus R(chgjet#1)compared to the

QCD hard sgattering predictions ofPYTHIA 6/206 | (Py(hard) > 0) using thedefault
parameterg foy multiple parton interactions ghd CTEQ3L, CTEQA4L, and CTEQ5L.

Note Change

PARP(67) = 4.0 (< 6.138)
PARP(67) = 1.0 (> 6.138)

LHC@BNL Workshop
February 8, 2010

Default parameters give
very poor description of
the “underlying event”!

Rick Field — Florida/CDF/CMS Page 7



' : 72U
Tuning PY THIA (e

Multiple Parteninteraction; Parameters

Parameter | Default Description
PARP(83) 0.5 Double-Gaussian: Fraction of total hadronic '
matter within PARP(84) r Hard core

PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadroA

radius containing the fraction PARP(83) of the _ _
Multiple Parton Interaction _

total hadronic matter .
PARP(85) 033 P Determines the energy e I - m@r String
' dependence of the MPI! . ColorsrringM
W, P “nearest nelghbors/' "
PARP(86) 0.66 Pro t  Affects the amount of [luons Multiple Part Determine by comparing

with 630 GeV data!

ej del initial-state radiation! aclosed___»

loop. sists of

ark-antiqu?}/ / et o /
ﬁTOl
/

PARP(89) 1T/9'/ Determipf/ //eference energy £ Hard-Scatering Cy

5 /

PARP(82) 9 The PTO that regulates the 2-t0-2\ PYTHIA 6.206
evic | s ing divergence 1/PT—1/(PT?+P;,2)?2 NN\ e
Take E;= 1.8 TeV

7

PARP(90 0.16 /oétermines the energy dependence of the cut-off § JoNe Y T T 7~ ]
Pro as follows Ry(Eq) = Pro(Ec/Eo)® with  “SNle
£ = PARP(90) >
PARP(67)/ 1.0 A scale factor that determines the maximum
parton virtuality for space-like showers. The 100 Aoo 10,000 100,000
CM Energy W (GeV)

larger the value of PARP(67) the more initial-
state radiation.

Reference point
at1.8 TeV
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“ ['ransverse’ Cones

VS~ Iransverse: Regions

2n U “Cone Analysis” ]

Y Rz Transverse (Tano, Kovacs, Huston, Bhatti)
Cone:
Transverse T(0.7¢=0.491 L 6 o yaxData CDF PRELIMINARY
Region @ — MAX Herwig+QFL
8|— O MAX Pythia6.115+QFL (tuned)
o 5 - A MINData
Leading ¢ Leading === MIN Herwig+QFL T+
Jet Jet - A MIN Pythia6.115+QFL (tuned) o _[]_'”
Toward Region 4 B
'¢"I'JI]"¢' -4} 1T |1
Transverse Transverse -
N Region: T

3 - +
213=0.671 : ﬁ $ 1
Away Region L T
_ 0 1 4T> 1 2L ﬁ

=» Sum the P of charged particles in two cones of radlus I
0.7 at the same] as the leading jet but with Ad| = 1r

= Plot the cone with the maximum and minimum P'gum I Mﬁﬁ*ﬁ#ﬁ%@f&
versus the E of the leading (calorimeter) jet. [ M ‘
0 50 100 150 200 250
E. of leading jet (GeV.
LHC@BNL Workshop Rick Field — Florida/CDF/CMS Page 9
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=nergy bepenaence

of the “ Underlyi Ny Event

CDF PRELIMI NARW

“Cone Analysis”

.
S L @ MAX Data CDF PRELIMINARY
§2.5 - — m§ a:trsvigﬂgFL (Tano Kovacs, Huston, Bhattl)} MAX Herwig+QFL

8 [ O MAX Pythia6.115+QFL (tuned) o [ O MAX Pythia6.115+QFL (tuned)

o

- A MINData R
T T MIN Herwig+QFL 630 GeV o5 4 N Data 4
A MIN Pythia6.115+QFL (tuned) | == MIN Herwig+QFL J} T

F A MIN Pythia6.115+QFL (tuned)

2 i 1,800 Gev\g\ 111
tsL %ﬁé—;i H ﬁ*‘ﬁ#%

Y

]
B PYTHIA 6.115
P, =14 GeV

il _:i:* o i PYTHIA 6.115 |1} bt
Lot T F | P 220GeV || et
30 40 50 60 70 ¢ 0 50 100 150 200 250
E; of leading Jet (GeV) E; of leading jet (GeV,
» Su > of charged partlcles (B > 0.4 GeV/c) in two cones of radius 0.7 at the sameas the leading

jet bt withN A®P| = 9C. Plot the cone with the maximum and minimum PT, versus the E of the
leadilg (cal&meter) jet.
= Note fhat PYTNA 6 115 is tuned at 630 GeV with 1?0 = 1.4 GeV and at 1,800 GeV with i = 2.0 GeV.

=» For thg MIN cone 0°25 GeV/cin radius R = 0.7 |mpI|sa PT,, density of dPT, rn/dr]d(p= 0.16 GeV/c
and 1.4 GeV/c in the MAX cone implies dPJ, /dndg= 0.91 GeV/c (average 1., density of 0.54

GeV/c per unitn-¢).

LHC@BNL Workshop Rick Field — Florida/CDF/CMS Page 10
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Y —
0.40 S T e T = -

020+ Je0 V-4~
CTEQ5L

Charged PTsum Density (GeV)
Charged PTsum Density (GeV)

$30 GeV |n|<1.0 PT>0.4 GeV

35 40 45 50

0 GeV |n|<1.0 PT>0.4 GeV
| | |

35 40 45

50

0.54 GeV/g determined from the Tano, Kovacs,
Huston, and Bhatti “transverse” cone analysis at
630 GeV.

LHC@BNL Workshop Rick Field — Florida/CDF/CMS
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€= 0.25 (Set A)) vz
7/

I

4
PYTHIA 6.206 4
/7

100 10,000
CM Energy W (GeV)

100,000

Reference point
E,=1.8TeV
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Rick Fleld Fermilab MC W rkshop |

0.60 ~
October 4, 2002! )
o T
£ 0.40 - 202 \"-r_____
é é [ === — = T S —
4 > | —_— e — . — — . ———— — — —_
S z - e e - |
[ Increasing € produces less energy
5 dependence for the UE resulting in

000 less UE activity at the LHC! 0 GeVIni<L.0PT>0.4 Gev

I ] )

10

0.54 GeV/g determined from the Tano, Kovacs,
Huston, and Bhatti “transverse” cone analysis at

630 GeV.

LHC@BNL Workshop
February 8, 2010

Lowering P, at 630 GeV (.e.
increasinge) increases UE activity
resulting in less energy dependence

35 40 45 50
PT (GeV/c)

Hard-Scal i—Off PTO|

O\

Rick Field — Florida/CDF/CMS

/YTHlA 6.206 4
7/
/
v
100 10.600 100,000
CM Energy W (GeV)
Reference point
E,=1.8TeV
Page 12




CDF Default!
PYTHIA 6.206 CTEQSL ransverse" Charged Particle Density: dN/dndo
200
Parameter | Tune B e A CDF Preliminary i PYTHIA 6.206 (Set A)
g data uncorrected PARP(67)=4 Run 1 AnalySiS
MSTP(81) 1 8 0.75 +- theory corrected - L b
MSTP(82) 4 / >
S 050 +-----
PARP(82) [ 1.9 GeV 0 Ge o
PARP(83) 0.5 0 % 025 |
g8 PYTHI 06 (Set B)
PARP(84) 0.4 0.4 e CTEQSL 4 %67) 1 1.8 TeV |n|<1.0 PT>0.5 GeV
| | / / | | | | |

PARP(85) 1.0 0.9 0.00 - ‘ | | | |
40 45 50
PARP(86) 1.0 0 //Achargedjet#l) (GeV/c)

PARP(89) | 1.8 TeV 3 Te

lot shows thé'transverse” charged particle density

PARP(90 0.25 0 .

(50) versus B (chgjet#l)compared to the QCD hard
PARP(67) 1.0 e scattefing predictions of twotuned versions ofPYTHIA

6.206 (CAEQSL, Set B(PARP(67)=1) andSet A
=4)).
Old PYTHIA default
New PYTHIA default (more initial-state radiation)
(less initial-state radiation)
LHC@BNL Workshop Rick Field — Florida/CDF/CMS Page 13
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| [

PYTHIA 6.2 CTEQSL

Tune used by the
CDF-EWK group!

Z-Boson Transverse Momentum

Parameter Tune A
MSTP(81)
MSTP(82)
PARP(82)
PARP(83)
PARP(84)
PARP(85)

PARP(86)

UE Parameters 1

4

PARP(89)
PARP(90)
PARP(62)
| PARP(64)
PARP(67)
MSTP(91)
PARP(91)

ISR Parameters

\

PARP(93)

Tune AW _

|40\

1
4
2.0 GeV
0.5
0.4
0.9
0.95
1.8 TeV
0.25
1.25
0.2
4.0

2.1
15.0

PT Distribution 1/N dN/dPT

0.12

0.08 +

0.04

0.00

"o O CDFRun 1 Data
' = = PYTHIA Tune A CDFRun1
1 PYTHIA Tune AW published
' 3
' 1.8 Tev
~
' i Normalized to 1
,,,,,,,,,,,,,,,,,,, NN
-
[ ] -~ =0
0 2 4 6 10 12 14 16 18 20

8
Z-Boson PT (GeV/c)

=®» Shows the Run 1 Z-boson pdistribution (<p +(2)>

Intrensic KT

LHC@BNL Workshop
February 8, 2010

Effective Q cut-off, below which space-like showerare not evolved.

=~ 11.5 GeV/c) compared witlPYTHIA Tune A
(<p1(2)> = 9.7 GeV/c), andPYTHIA Tune AW

(2)> = 11.7 GeVic).

\

The @? = k-2 in a,for space-like showers is scaled by PARP(64)!

Rick Field — Florida/CDF/CMS
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A@Jet#l-Jet#2
Y DO

4? ® pmax > 180 GeV (x8000)
E 0 130 < pI'™* < 180 GeV (x400)

r 100 < p"®* < 130 GeV (x20)
O

Jet#1-Jet#2Aq@ Distribution

Aq)%

» MidPoint Cone Algorithm (R =0.7, fyqe=0.5) ' |
» £= 150 pb! (Phys. Rev. Lett. 94 221801 (2005)) 2

% —_
o o
W

1/ Gijet deijet/ dAG ey

—

=]

N
TTTIT T T 1111

10 |

HERWIG 6.505
-=-=- PYTHIA6.225

10
=» Data/NLO agreement good. Data/HERWIG agreement — Ella?!? ISR
good. A
= Data/PYTHIA agreement good provided PARP(67) = ™2 3n/4 m
1.0—4.0 (i.e. like Tune Abest fit 2.5. A e (rad)
LHC@BNL Workshop Rick Field — Florida/CDF/CMS Page 15
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UE Parameters

PYTHIA 6.2 CTEQSL

Parameter Tune DW Tune AW

MSTP(81) 1 1

ISR Parameters

\

Intrensic KT

LHC@BNL Workshop

MSTP(82) 4 4

PARP(82) (NN, 2.0 GeV

PARP(83) 0.5 0.5

0.12

Z-Boson Transverse Momentum

PARP(84) 0.4 4
PARP(85)/ 1.0 m
PARP(86) NI
PARP(89) BRI 1.8 Tev
PARP(90) 0.25 0.25
PARP(62) 1.25 1.25
PARP(64) 0.2 0.2
PARP(67) ‘ 4.0

/

MSTP(91) 1
PARP(91) 2.1 2.1
PARP(93) 0

PT Distribution 1/N dN/dPT

0.00

0.08 +

0.04 +

0O CDF Run 1 Data
PYTHIA Tune DW
= = HERWIG

CDF Run 1
published

1.8 TeV

Normalized to 1

8 10 12 14
Z-Boson PT (GeV/c)

g

Tune DW uses DO’s perfered value of PARP(67)!

Tune DW has a lower value of PARP(67) and slightlgnore MPI!

February 8, 2010

Rick Field — Florida/CDF/CMS

=» Shows the Run 1 Z-boson pdistribution (<p +(2)>
=~ 11.5 GeV/c) compared witlPYTHIA Tune DW ,
and HERWIG .

Page 16




=Y EIIA 6.

All use LO ag

with A = 192 MeV! Parameter Tune AW Tune DW Tune D6
PDF CTEQS5L CTEQSL CTEQ6L ~
UE Parameters N MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 2.0 GeV 1.9 GeV 1.8 GeV
S PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 e ) 0.4 Tune A energy dependencs!
PARP(85) /’ 0.9 1.0 10
PARP(86) Na_ 0.95 1.0 1.0 >
SR PRl PARP(89) 1.8 TeV T8 1ev 1.8 TeV
AN PARP(90) 0.25 0.25 0.25
N PARP(62) 1.25 1.25 1.25
PARP(64) 0.2 0.2 0.2
PARP(67) 4.0 25 2.5
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 2.1
PARP(93) 15.0 15.0 15.0

Intrinsic KT

LHC@BNL Workshop Rick Field — Florida/CDF/CMS Page 17
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| Alluse LO ag
with A =192 MeV!

=Y EIIA 6.

UE Parameters

ATLAS energy dependence]

ISR Parameter

=T

Intrinsic KT

LHC@BNL Workshop
February 8, 2010

Parameter Tune DWT Tune D6T ATLAS
PDF CTEQSL CTEQ6L CTEQS5L

L MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 1.9409 GeV | 1.8387 GeV 1.8 GeV

| PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 0.4 0.5
PARP(85) 1.0 1.0 0.33
PARP(86) 1.0 1.0 0.66
PARP(89) 1.96 TeV 1.96 TeV 1.0 TeVv
PARP(90) 0.16 0.16 0.16

F  PARP(62) 1.25 1.25 1.0
PARP(64) 0.2 0.2 1.0
PARP(67) 25 25 1.0
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 1.0
PARP(93) 15.0 15.0 5.0

Rick Field — Florida/CDF/CMS
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=Y EIIA 6.

All use LO ag

with A = 192 MeV! Parameter Tune DWT Tune D6T ATLAS
PDF CTEQSL CTEQ6L CTEQS5L

L MSTP(81) 1 1 1

UE Parameters MSTP(82) 4 4 4

PRP/ [)74 1.9400 GeV\"%838] Sey/ | 1.8Gev
4‘ o5 |\
Tune AW <% Tune B

rA — /———7

/ B 1.0 |4 66
e ! /Iép\}g) 196TeV | 1.96|Av N 10Tev

Z

V
ARP(90) 0.16 0.16 0.16
PARP(62) 1.25 1.25 1.0
PARP(E4) | n O/ 0.2 1.0 /L

LHC@BNL Workshop Rick Field — Florida/CDF/CMS Page 19
February 8, 2010



| Alluse LO ag
with A =192 MeV!

PDF c1 \ CTEQS6L
MSTP(81) / 1
UE Parameters

Parameter Tung’\ Tune D6T

ﬁ

These are “old” PYTHIA 6.2 tunes!
There are new 6.420 tunes by ‘(
Peter Skands (Tune S320, update of SO {

Peter Skands (Tune N324, NOCR)
Hendrik Hoeth (Tune P329, “Professor’,

MSTF A /
| AR

LHC@BNL Workshop Rick Field — Florida/CDF/CMS Page 20
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“Peter's Pythia Plots

February 2009 @ P. Z. Skands

Navigate these pages by using the menu to the left. More plots will be added, as new tunes
become available, and as the available data increases. The default for each topicis a
comparison of a small numbar of tunes to available data (or just to each other if no data exists),
but look for links at the top of each page for comparisons with more models.

Apr 2002; Full descriptions and paramaters of the "Perugia” tunes (submitted to the Perugia
MPI workshop proceedings)

Dec 2007; Some interesting min-bias distributions for early LHC runs (submitted to the 2007 Les
Houches workshop proceedings)

The tunes currently available on the plots are (numbered as in PYTUNE):
Tun in 2-0r m |

= 100 A: Rick Field's Tune A to Tevatron Underlying-Event Data, Uises the "old" UE and
shower models, with a double-gaussian matter profile, 1 GeV of primordial kT, and
naar-maximal color cormelations. [Oct 2002)

= 103 DW: Bick Figld's Tune DW ta Tevatron Underlying-Event and Dezll-Yan Data. Similar
fo Tune 4, but has 2 GeV of primordial kT and uses a very smail renoemialization scale for
inltlal-state radiaion (L2, more 15K radiglion). |t elen has completely madmal color

5= IS S 53

= 104: DWT; Variant of DW using the Pythia 6.2 default collider energy scaling (has worse
agreement with Tevatron energy scaling quantities than DW). [Apr 2008]

» 106: ATLAS-DC2 {"Rome"); first ATLAS tune of the Q2-ordered showers and old UE
framework. Does not give very good agreement with Tevatron min-bias quantities.

= 107 A-CR; variant of Tune A using the Pythia 6.2 default color connections but with the
new "color annealing” color reconnection model applied as an afterburner. Is intended as
an example of strong color reconnections. [Mar 2007]

» 108: D8: Rick Field's Tune D6 to Tevatron data, using CTEQSL1 PDFs.

= 110 A-Pro: Tune A with LEP tune from Professor, [Oct 2008]

« 113 DW-Fro: Tune DW with LEF tune from Professor, [Ciet Z008]

« 114: DWT-Pro: Tune DWT with LEP tune from Professor. [Oct 2008]
= 116 ATLAS-DC2-Pro: ATLAS-DC2 with LEP tune from Professor. [Oct 2008]

= |

Ca
N

DO

» 117: A-CR-Pro: Tune A-CR with LEP tune from Professor. [Oct 2008]

» 118: DB-Pro: Tune D& with LEP tune from Professor, [Oct 2008]

« 129 Pro-0Q20: Tune of the Q2-ordered showers and old UE framework made with
Professor, an automated tuning tool. [Feb 2008]

Tunes intermediate between Q2- and pT-ordered models
= 201: A-PT: Retune of Tune A with pT-ordered final-state showers, [Mar 2007]
* 211: A-PT-Pro: Tune A-PT with LEP tune from Professor. [Oct 2008]
= 221: Perugia A-PT: "Perugia” update of A-PT-Fro. [Feb 2009]
« 226 Perugia AB-PT: "Perugia” update of A-PT-Pro, using CTEQEL1 PDFs. [Feb 2009]

Tunes LlSiI"Ig ET—ordered model

* 300: SO First Sandhoff-Skands Tune of the "new" LIE and shower framework, with a
smoother matter profile than Tune A, 2 GeV of primordial kT, and "colour annealing” color
reconnections. Uses the default Pythia energy scaling rather than that of Tune A. [Apr
2006]

« 303: S0A: A variant of SO which is identical to S0 at the Tevatron, but which uses the Tune
A energy scaling of the UE activity, [Apr 2006]

= 304: NOCR: Sandhoff-Skands "best try" without color reconnections, Gives less good
agreement with Tevatron data. [Apr 2006]

= 308: ATLAS-CSC: first ATLAS tune of the pT-ordered showers and new UE framework.
Does not give very good agreement with Tevatron min-bias quantities.

= 313: SDA-Pro: A variant of SOA revamped with a comprehensive retune of the
fragmentation parameters to LEP data (by the "Professor” tool, hence the name), [Oct
2008]

* 314: NOCR-Pro: NOCR with LEP tune from Professor. [Oct 2008]

+ 320 Perugia @ "Perugie” update of 50-Fro. [Feb 2009

« 321: Perugia HARD: Systematically "hard"” variant of Perugia 0. [Feb 2008]
* 322: Perugia SOFT: Systematically "soft" variant of Perugia 0. [Feb 2009]

+ 323 Perugla 3: Variant of Perugia 0 with different ISR/MP| balance and different collider
energy scaling. [Feb 2009]

= 324: Perugia NOCR: "Perugia” update of NOCR-Pro. [Feb 2009]

« 325: Perugia X: Variant of Perugia 0 using MRST LO* POFs. [Feb 2009]

» 326: Perugia 6 Variant of Perugia 0 using CTEQEL1 POFs. [Feb 2009]
showers and new UE frarmewock made with

& J29 Pro-pT Tune of the pT-
Frfezeor, an automatad Wwning ool [Feb 2004]

= http://home.fnal.gov/~skands/leshouches-plots/

LHC@BNL Workshop
February 8, 2010

Rick Field — Florida/CDF/CMS



ol

Peters Pytnia Tune:

Pammmeter  Type | S0A-Pro P-0 P-HARD P-50FT P-3 P-NOCH P-X -6 Joct 2008]
Peter's PytH . | | 2 . :
MSTF (51] PDF 7 7 7 T 7 T 20650 10042 poos)
February 2009 @ P METP [5Z] PDF ] 1 1 I I I b 2 framework made with
METE (64 ISR 2 3 3 2 3 3 3 3
Mavigate these pages by using the menu to the lef] TARP (84 ISR 1.0 1.0 025 2.0 (K13 1.0 2.0 1.0
become available, and as the available data increas{ werp (7] ISR 3 5 5 2 7 2 7 . pT-ordered models
rktieslbidloiiseniieheleolt tusshnd I 10 (T a0 | 10 40 05 L0 10 10 1.0 |owers par2007]
MSTF(70] ISR 2 2 0 1 L 2 2 2 bt 2008]
Apr 2008: Full descriptions and parameters of the ")l ..o [£2] ISR z g |35 2 125 3 E '
MPI workshop proceedings) : = N - Pel
Dec 2007: Some interesting min-bias distributions ] PREE (81] ISR = - = L5 5 = - -L
Houches workshop proceedings) METF{72] ISK il 1 I ¥ 2 | i | FTEQSL1 PDFs, [Feb 2009
The tunes currently available on the plots are (nu PARP(T71] FSR 4.0 20 4.0 1.0 2.4} 2.0 2.0 20
- PRRJ(81] FSR 0257 | 0.257 .3 0.2 03257 0257 0257 0257
Tun in 2-0r m y |shower tramework, with a
e PRRJ(82] FSR 08| 08 0.8 08 08 08 08 08| o0 coour annealing’ color
B3 xgﬂfﬁﬂ:'&;‘bﬁgﬁx‘nﬁ:ﬂ MSTP(81] UE 71 2 21 LT 21 21 2} [ than that of Tune A. [Apr
naar-maximal color correlations. [Oct 2002] PARFP (82) UE I.85 2.0 .3 1.9 5 1.9% 2.2 1.95
fetron, but which uses the Tune
« 103 DW: Rick Fisld's Tune DW to Tevatron oLl 'R'-‘_1 '."'.; ‘H-F--_lﬂ!“ il ._“'“.":.' Ll e
1o Tune 4, but has 2 GeV of primordial kT anc|| PARE ST HE 025 | 02 0 IR T W R T S .
initial-state radigtion (i.e., more ISR radigtion). | MSTFP |82] UE 5 5 5 5 g 5 5 % [nections, Gives less good
5= IS S 53 pAaRp{83] UE 1.6 1.7 1.7 15 17 15 1.7 1.7
« 104: DWT; Variant of DW using the Pythia 6.2 ers and new UE framework.
agreement with Tevatron energy scaiiﬁquan MSTP(88] BR o o 0 0 o o o 0 fquantities.
106: ATLAS-DC2 ("Rome): frst ATLAS tune d PARF (79) BR 20 2.0 20 2.0 2.0 20 2.0 10 hsiva retina ot iria
frarneivork Doss ot ghve vory ghod egfaemer]  PARF{80)  BIR a0l | 005 001 005 003 0.01 005 0.05 fool, hence the name), [Oct
107 A-CR: varant of Tune A using the Pythi METE(91] BR I I 1 1 I | | |
. 2 . varian une A using the ia n c
oot TGk o oy et ] BAEFIST) CHR w| 2 16 20 1§ 20 20 20000
» 108: D6: Rick Field's Tune D6 to Tevatron datd MSTF |95 CR 6 L] 3] & 6 ] ¥ [} }ia 0. [Feb 2008]
DARE(TH] CR 0.2 033 0.4a7 15 035 HN ] 033 033
- . FARF(77] CR .o 0.9 4 0.3 0.6 .0 0.0 0,0 O [Feb 2008]
+ 113 DW-Fro: Tune DWW with LEF tune frorm - balance and different collider
= 114 DWT-Pro: Tune DWT with LEP tune fron] 10 | 111 HAD 5 : = = 2 ¥ 3 g
) ' BARJ [21] HAD 0313 | 0,313 034 028 0313 0,313 0313 0313 i
* VIEATLASICAPM ATLASDCIWINLERY pajit(41) HAD 049 | 049 0.49 0.49 040 049 049 049
PARJ {4 Proceadings of the Perugia MP1 Waorkshop 2008 1.2 ] o
PART [46] ¥ i ; i i 1.0 i 1.0 |00} [Feb 2009]
PART (47] HAD 1.0 1.0 1.0 I.0r 10 1.0 1.0 I.HW
| §
K
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#5  lransver:

"Transverse" Charged Particle Density: dN/dnd<p|

RDF Preliminary 1.96 TeV

y Tune A generator level

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

nsit
o
(]

o
»
|

o
N
|

“Transverse” “Transverse”

nsverse" Chdrged De
o
N

N

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

0 5 10 15 20 25 30
PT(jet#1) or PT(chgjet#1) or PTmax (GeV/c)

o
o

“Toward”

“Transverse

=» Shows the charged particle density in thétransverse” region for charged particles (g > 0.5

GeVic, h| <1) at 1.96 TeV as defined by PTmax, PT(chgjet#1and PT(jet#1) from PYTHIA
Tune A at the particle level {.e. generator level).
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Min-B
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"Transverse" Charged Particle Densit

0.3

@ JJ

r|r(|er| PArtIc

35% more at RHIC means
26% less at the LHC!

7 RDF Preliminary
) generator level

o
[N

"Transverse" Charged Density
o
=

o) e

J J—:):)

oclat
€ DensIity.

nsverse" Charged Particle Density: dN/dnd(pl

"Transverse" ChargediDensi

T
! PY Tune DWT |

Min-Bias Min-Bias )
0.2 TeV Charged Particles (Jn|<1.0, PT>0.5 GeV/c) 14 TeV Charged Particles (n|<1.0, PT>0.5 GeV/c)
0.0 } } } T T T T T T 0.0 ] } } } T T T T T T
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
PTmax (GeV/c) PTmax (GeV/c)
PTmax Direction PTmax Direction
0.2 TeV— 14 TeV
RHIC (~factor of 70 increase

“Transverse” I “Transverse”

=» Shows the “associated” charged particle density irhie “transverse” regions as a function of
PTmax for charged particles (3 > 0.5 GeV/c, )| < 1,not including PTmax) for “min-bias” events
at 0.2 TeV and 14 TeV from PYTHIA Tune DW and Tune DWT at the particle level {.e. generator
level). The STAR data from RHIC favors Tune DW!
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Min -Blas™ As

o

Charged Parti

"Transverse" Charged Particle Density: dN/dnd@

=
N

RDF Preliminary  mMin-Bias 14 TeV
7 py Tune DW generator level

o
©

°
~

"Transverse" Charged Density

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

0.0 f f
0 5 10 15 20 25
PTmax (GeV/c)
PTmax Direction PTmax Direction PTmax Direction

1.96 TeV— 14 TeV
(UE increase ~1.9 time

— | HC

0.2 TeV— 1.96 TeV
(UE increase ~2.7 times

=» Shows the “associated” charged particle density ime “transverse” region as a function of PTmax
for charged patrticles (p; > 0.5 GeV/c, 1| < 1,not including PTmax) for “min-bias” events at 0.2
TeV, 1.96 TeV and 14 TeV predicted by PYTHIATune DW at the particle level {.e. generator
level).
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‘s \fi = How can we measure the UE?
RHIC’s View of Hadron Collisions Lets do what RICK did!
1st look at Back-to-Back Di-Jet Events in which the jet energies are
relatively close so as to minimize radiation in transverse region.
P-P Collisions at RHIC
STAR Detector and Triggers e ?warcé:egion; ”
< : 5 Away Region
Hard Scattering at RHIC kinematics A L,ﬂmd higlﬂLst pT jet —
The STAR Jet-Finders Region
| Underlying Event at STAR 3 Away Region:
. s e |A[P| >120 1 |r]|s 1 [ Leading
- o From leading jet Jet
Renee Fatemi Toward Region|
For the STAR Collaboration ~ ...~ Transverse Region:
3 120< |A@| < 60, |n|<1
1]
UK 1st Joint Workshop on Eﬂe_rgy Scaling of Hadron Collisions *R - , : : -1
: Apvi 27, 2009 Access Underlying Event Distributions HERE!

®» At STAR they have measured the “underlying event at W = 20GeV (|| < 1, p- > 0.2 GeV)
and compared their uncorrected data with PYTHIA Tune A + STAR-SIM.
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e Unaerlying Event: at

!

Conclusions

» At STAR
and com

V.

Hadron Collisions at RHIC take place at an order of magnitude smaller ¥ s than
the Tevatron. Nevertheless, jets are observed and reconstructed down to pT=5
GeV and are well described by pQCD

Comparisons between several jeffinders reveal consistent results

Interest in the Underlying Event at RHIC Kinematics is driven by the need for jet
energy scale corrections as well as pure physics interests (see talks by M. Lisa
and H. Caines)

UE at RHIC appears to be independent of jet pT and decoupled from hard
interaction

. CDF Tune A provides an excellent description of the UE at ¥ s =200 GeV
hanks Rick!)
VI.  Underlying Event distributions in general smaller than those at CDF. Tower &
Track Multiplicities are the exception, but this may be due to the 0.2 (STAR) 2 GeV)
versus 0.5 GeV (CDF) pT/Et cut-off.
VIl. For a cone jet with R=0.7 UE contributes 0.5-0.9 GeV.
VIll. Comparison of Leading Jet and Back-to-Back distributions indicate that large
angle radiation contributions are small at RHIC energies.
Rick Field — Florida/CDF/CMS Page 27
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“Associated” densities do

Highest p; .
charged particle! : : not include PTmax!
geap Charged Particle Density: dN/dnqu|7
NPTmax Direction 0.5 /
CDF Preliminary
2 04 datauncorrected . __________f__ Associated Deffsity | |
@ PTmax not included
S
[a]
R o 03

o
g
< 0.2
()
o
g

Correlations in ¢ o 01 .
Min-Bias PThax Charged Particles
t (In]<1.0, PT>0.5 GeV/c)
00 ] | } } |

0 30 60 90 120 150 180 210 240 270 300 330 360
A@ (degrees)

= Use themaximum p; charged particle in the event, PTmaxto define a direction and look
at the the “associated” density, ddhg/dnde, in “min-bias” collisions (p; > 0.5 GeV/c, ] <

1).

®» Shows the data on th@dependence of the “associated” charged particle deitg,
dNchg/dnde, for charged particles (g > 0.5 GeV/c, 1| < 1,not including PTmax) relative
to PTmax (rotated to 180) for “min-bias” events. Also shown is the average charged

particle density, dNchg/dnde, for “min-bias” events.
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Highest p;

“Associated” densities do

not include PTmax!

charged particle!
NPTmax Direction 05
CDF Preliminary
204 data uncorrected
© 03
5
% o2 [ -
S
S
Correlations in ¢ G 01
0.0 /
a_\Li_m_l_um_n_ahm.d_m/

» Use themp= . AMM
at the the| It is more probable to find a particle
1). accompanying PTmax than it is to

®» Shows th¢ find a particle in the central region!

Charged Particle Density: dN/dnqu|7

/

Associated De/fsity
PTmax not included

Charged Particles
Inl<1.0, PT>0.5 GeV/c)
| | |

T T

120 150 180 210 240§ 270 300 330 360
A@ (degrees)

it, PTmaxto defineja direction and look
n-bias” collisions (> 0.5 GeV/c, | <

ociated” charged particle deig,

dNchg/dnde, for charged particles (g > 0.5 GeV/c, 1| < 1,not including PTmax) relative
to PTmax (rotated to 180) for “min-bias” events. Also shown is the average charged
particle density, dNchg/dnde, for “min-bias” events.

LHC@BNL Workshop

February 8, 2010

Rick Field — Florida/CDF/CMS Page 29



PTmax Direction

“Toward”

s

G
(S

Rapid rise in the particle
density in the “transverse”
region as PTmax increases!

]
Associated Particle Density: dN/dnqu

/ |
max > 2.0 GeV/c

= PTmax > 2.0 GeV/c
o PTmax > 1.0 GeV/c
|| e PTmax > 0.5 GeV/c

“Transverse” “Transverse”

Ave Min-Bias
0.25 per unitn-@

30 60 90

120 150 180 210 240 270 300

A@ (degrees)

\ 360

PTmax > 0.5 GeV/c

= Shows the data{’on thé@dependence of the “associated” charged particle deig,
dNchg/dnde, for charged particles (g > 0.5 GeV/c, ]| < 1,not including PTmax) relative
to PTmax (rotated to 180) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

®» Shows‘jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).
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Charged Particle Density

10.0 +

1.0 =

0.1

0.0

RDF Preliminary

1 py Tune A generator level

“Toward” Region

| PTmax > 5.0 GeV/c A e - 1

Transverse”

PTmax > 0.5 GeV/c

Min-Bias PTmax > 1.0 GeV/c
1.96 Tev Charged Particles (Jq|<L.0, PT>0.5 GeV/c)
0 30 60 90 120 150 180 210 240 270 300 330 360

A@ (degrees)

Charged Particle Density

15+

Associated Charged Particle Density: dN/dnd@

20 ] py Tune A generator level 14 TeVv

RDF Preliminary Min-Bias

"Toward"

"Transverse"

Charged Particles (n|<1.0, PT>0.5 GeV/c)

5 10 15 20 25
PTmax (GeV/c)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged

particles (p; > 0.5 GeV/c, )| < 1,not including PTmax) relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).

PTmax Direction

LHC@BNL Workshop
February 8, 2010

“Toward”

“Transverse

=®» Shows the “associated” charged particle density inhe “toward”, “away” and
“transverse” regions as a function of PTmax for chargd particles (p; > 0.5
GeV/c, | < 1,not including PTmax) for “min-bias” events at 1.96 TeVfrom
PYTHIA Tune A (generator level).
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Associated Charged Particle Density: dN/dnde "Transverse" Charged Particle Density: dN/dnde|
10.0 + 1.2

1 RDF Preliminary « ¥ . > | RDFPreliminary  Min-Bias 14 TeV —
> 1 py Tune A generator level Toward Reglon g 1.0 1L Py Tune A generator level
g - ! PTmax>20GeVic i o] 1
8 104 | PTmax > 5.0 GeV/c - :’-,- ------------ ! S 08 E 77777777777777777777777777777777777777
s ] -Transverse” gy g
©  omoogg zaal ."-_ S0l - f o ________196Tev _____________
N = T 7_ R T oY r Ty e m m m m om o=
e 0000000000008 4/ = m wm w=m =m = =
T 0.1 e —— r————————— B 040
= 3 ° 0.4 o
@ ] a ]
= o
O Min-Bias PTmax > 1.0 GeV/c PTmax > 0.5 GeV/c B 0.2 F-f-— - m e m e m oo

'_ i .
1.96 TeV Charged Particles (I|<1.0, PT>0.5 GeV/c) ] Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 f f f f f f f f f f f 0.0 - | | |
0 30 60 90 120 150 180 210 240 270 300 330 360 0 5 10 15 20 25
Ag (degrees) PTmax (GeVic)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged
particles (p; > 0.5 GeV/c, )| < 1,not including PTmax) relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).

=®» Shows the “associated” charged particle density inhe “toward”, “away” and
“transverse” regions as a function of PTmax for chargd particles (p; > 0.5

GeV/c, | < 1,not including PTmax) for “min-bias” events at 1.96 TeVfrom
PYTHIA Tune A (generator level).

“Toward”
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PY Tune A

PTmax > 2.0 GeV/c Associated Particle Density: dNW

PTmax Direction 5 PTmax > 2.0 GeV/c . %DF Brelimi
. reliminary
e PY Tune A
Ag e PTmax > 0.5 GeV/c . data uncorrected
) PY Tune A theory + CDFSIM
o L . °
. o o _— Transverse > { { . PYI_ Tune A 1.96 TeV  o**°
P el o S
e B e
B 04 +----------SaAsAkell R TalI8dkesaldTE
“Transverse” “Transverse” kS
2 Wﬁi S T A T3
g - — - e%ee

(D pese® -
oooooooooooooooooooooooooooooooooooooo

PTmax not included (Inl<1.0, PT>0.5 GeV/c)
| | | | | | |
T T

\

30 60 90 120 150 180 210 240 270 300 330 360
PTmax > 0.5 GeV/c A (degrees)

®» Shows the data on th@dependence of the “associated” charged particle deitg,
dNchg/dnde, for charged particles (g > 0.5 GeV/c, ] < 1,not including PTmax) relative
to PTmax (rotated to 180) for “min-bias” events with PTmax > 0.5 GeV/c and PTmax >
2.0 GeV/c compared withPYTHIA Tune A (after CDFSIM).

®» PYTHIA Tune A predicts a larger correlation than is seen in the thin-bias” data (i.e.
Tune A “min-bias” is a bit too “jetty” ).
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Associated Charged Density

Associated Charged Particle Density: dN/d

0.60

RDF Preliminary

generator level

©
»
o

o
N
o

900 GeV

Charged Particles
(In|<2.0, PT>0.5 GeV/

Excluding PT1

= pyDW PT1 > 2 GeV/c <Nasc> =10.3

e pyDWPro PT1 > 2 GeV/c <Nasc>=9.5
| | |

0.00 1 1 1 1 1 1
-180 -150 -120 -90 -30
A (degrees)

0 30 60 90 120 150 180

Associated Charged Den

sy

Associated Charged Particle Density: dN/dnd@

0.60
RDF Preliminary _.' '._ -__.-
generator level - '. ..I
."'... oy 5 oo™ & ..ﬂ“.
®oq I. Cd .I o0®
0.40 O 0 % = o®
®, .. I.
a'. .’o
020 +-----"-"-"-"-""""""“""""~"S fm
900 GeV Excluding PT1
Charged Particles = pyDW PT1 > 2 GeV/c <Nasc> = 10.3
(Inl<2.0, PT>0.5 GeVj ® pyS320 PT1 > 2 GeV/c <Nasc> =9.2
| | | | | | |

-30

0.00 \ \ \
-180 -150 -120?//6

0 30 60 90 120 150 180

A (degrees)

V4 /
PY Tune DWPro

-/
PY Tune S320

=» Shows theAg dependence of the “associated” charged particle deitg, dNchg/dnda,
for charged particles (p > 0.5 GeV/c, )| < 2,not including PTmax) relative to
PTmax at 900 GeVwith PTmax > 2.0 GeV/c fromPYTHIA Tune DW , Tune
DWPro, and Tune S320(generator level).
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d

Chargead Particie: DensitydiN/ana: ‘,!

Associated Charged Particle Density: dN/dnd@ Associated Charged Particle Density: dN/dndtpl
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] RDF Preliminary -
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i J :

L] []

RDF Preliminary
pyDW gnerator level

2 2
= ‘@
c c
[ () i
S 0.40 \:!r . . .-:/ S 040
he) . N T 1 U~ © . I N Y o
(0]

qé ] U’. ...U o 1
. ‘ . s
$) 1 o - o
® ] 5 1
B 020 f-m oo 2020 F - e
© ©
3 900 GeV Excluding PT1 3 900 GeV Excluding PTCJ1
3 Charged Particles ® PTCJ1 > 2 GeV/c <Nasc> = 8.4 % i Charged Particles
< (Inl<2.0, PT>0.5 GeVic) = pyDW PT1 > 2 GeV/c <Nasc> = 10.3 < f (Inl<2.0, PT>0.5 GeV/c) ® PTCJ1>2 GeV/c <Nasc>=8.4

0.00 : : : : : : : : : ; ; 0.00 : : : : : ; ; ; ; ; i

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180 -180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
Ag (degrees) A@ (degrees)

=» Shows theAg dependence of the “associated” charged particle deitg, dNchg/dnde,
for charged particles (p > 0.5 GeV/c, )| < 2,not including PTmax) relative to
PTmax (rotated to 18®) at 900 GeVwith PTmax > 2.0 GeV/c fromPYTHIA Tune
DW.

=» Shows theAgp dependence of the “overall” and “associated” chargegarticle density,
dNchg/dnde, for charged particles (- > 0.5 GeV/c, 1| < 2,including all particles)
relative to the leading charged particle jet (AntiKT, d = 0.5) at 900 GeVwith
PTmax > 2.0 GeV/c fromPYTHIA Tune DW (generator level).

LHC@BNL Workshop Rick Field — Florida/CDF/CMS Page 35
February 8, 2010




2.4

= =
[N ©

o
o

Charged Particle Density
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Charged Particle Density: dN/dnd@

RDF Preliminary o PTCJ1 > 2 GeV/c <Nchg> =10.7
@ PTCJ1>2 GeV/c <NCJ1>=23
pyDW gnerator level
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e PTCJ1 >2 GeV/c <Nasc>=8.4 |
900 GeV
Charged Particles 0o
1 (nl<2.0,PT>05Gevfc)
L)
o o
™ en
,,,,,,,,,,,,,,,,,,,,,,, e
L] o
e W _ agaueeetentt
L o
| # | I% |

A (degrees)

Associated Charged Density

0.60

0.40

0.20 +

Excluding PTCJ1

= PTCJ1 > 2 GeV/c <Nasc>= 8.4
®PTCJ1 > 2 GeV/c <Nasc>=7.4
Il Il Il Il Il

-30 0 30

Ag (degrees)

60 90 120 150 180

AntiKT d = 0.7

=» Shows theAgp dependence of the “overall” and “associated” chargegarticle density,
dNchg/dnde, for charged particles (p > 0.5 GeV/c, 1| < 2,including all particles)
relative to the leading charged particle jet (AntiKT, d = 0.5) at 900 GeVwith
PTmax > 2.0 GeV/c fromPYTHIA Tune DW (generator level).
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"Transverse" Charged Particle Density: dN/dnd g "Transverse" Charged Particle Density: dN/dndq)l
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(UE increase ~2.7 times

——) | eVvatron e

1.96 TeV4y 14 TeV
(UE increasd \~1.9 time

LHC

function of PTmax
"events at 0.2

=®» Shows the “associated” charged particle density i “transverse” region
for charged patrticles (p; > 0.5 GeV/c, | < 1,not including PTmax) for “min-

TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 TeV predaed by PYTHIA Tu y o article
level (.e. generator level). near scale:
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y J
r~ ~m
Chargec
"Transverse" Charged Particle Density: dN/dnd g "Transverse" Charged Particle Density: dN/dnd@

1.2 — 1.2
> _Ir?DFDF\;vrellmlnarly | Min-Bias 14 TeV > RDF Preliminary
i 1 py Tune gen or level i ,
§ T T L e mm om om om o m = = 0JeVe m o m om o= § | py Tune DW generator level LHC14
T 0.8 7TeV B 08 L ~_LHC10. |
S o
o 1 1.96 TeV g |
O | O |
W 0.9 Tev W evatron
5 044 204t g

i > B - "

Z 0.2 TeV @ .- 900 GeV PTmax = 5.25 GeV/c
S 1 F g e mmmmmommem= = < .
£ il Charged Particles (In|<1.0, PT>0.5 GeVic) £ RHIC Charged Particles (|n|<1.0, PT>0.5 GeVic)

0.0 \ \ 1 | 0.0 A 1 -+ 1 I B R B A

0 5 10 15 20 25 0.1 1.0 10.0 100.0
PTmax (GeV/c) Center\ef-Mass Energy (TeV)

PTmax Direction

PTmax Direction

7 TeV — 14 TeV
(UE increase ~20%)

Linear on a log plot!

function of PTmax
"events at 0.2

=®» Shows the “associated” charged particle density i “transverse” region
for charged patrticles (p; > 0.5 GeV/c, | < 1,not including PTmax) for “min-

TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 TeV predaed by PYTHIA Tu 1 ol article
level (.e. generator level). 09 scale:
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I ransSVer:

"Transverse" Charged Particle Density: dN/dnd(pl "Transverse" Charged Particle Density: dN/dnd¢|

0.6 1.2
7 RDF Preliminary

generator level

RDF Preliminary

: py Tune DW generator level

Ifactor of 2!
900 GeV

"Transverse" Charged Density

Charged Particles (|n|<2.0, PT>0.5 GeV/c) Charged Particles (|n|<2.0, PT>0.5 GeV/c)

"Transverse" Charged Density

OO T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

PTmax (GeV/c) PTmax (GeV/c)

PTmax Direction PTmax Direction

900 GeV— 7 TeV
(UE increase ~ factor of 2.1)

=» Shows the charged particle density in thétransverse” region for charged particles (g > 0.5
GeVi/c, | < 2) at 900 GeV as defined by PTmax from PYTHIAlune DW and Tune S320at the
particle level (.e. generator level).
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"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dndq)l

0.8 —

1 RDF Preliminary

] Fake Data

4 pyDW generator level
0.6 T E +

: ‘a " . : T
04 i 77777777777 >~ T T T~ % } 7777777777
02+---ffr— - e

900 GeV
361,595 events _
Charged Particles (|n|<2.0, PT>0.5 GeV/c)

00 T T T } } } }

0 2 4 6 8 10 12 14 16 18

PTmax or PT(chgjet#l) (GeV/c)

PTsum Density (GeV/c)

"Transverse" Charged PTsum Density: dPT/dnd(pl

0.8 —

| RDF Preliminary

Fake Data

1 DW generator level
0.6 - py g
04 b
02+

il 900 GeV

1 Charged Particles (|n|<2.0, PT>0.5 GeV/c)
00 T T T T } } } }

0 2 4 6 8 10 12 14 16 18

PTmax or PT(chgjet#l) (GeV/c)

=» Fake data (from MC) at 900 GeV on the

“transverse” charged particle density,
dN/dndgq, as defined by the leading charged
particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles
with p; > 0.5 GeV/c andnj| < 2. The fake
data (from PYTHIA Tune DW) are generated
at the particle level {.e. generator level)
assuming 0.5 M min-bias events at 900 GeV
(361,595 events in the plot

LHC@BNL Workshop
February 8, 2010

Rick Field — Florida/CDF/CMS

» Fake data (from MC) at 900 GeV on the

“transverse” charged PTsum density,
dPT/dndg, as defined by the leading charged
particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles
with p; > 0.5 GeV/c andnj| < 2. The fake
data (from PYTHIA Tune DW) are generated
at the particle level {.e. generator level)
assuming 0.5 M min-bias events at 900 GeV
(361,595 events in the plgt
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Charged Multiplicity Distribution

Probability

1.0E+00

1.0E-01

1.0E-02

1.0E-03

1.0E-04

1.0E-05

1.0E-06

Charged Multiplicity Distributio

n

CDF Run 2 Preliminary

= = pyAnoM

= CDF Run 2 <Nchg>=4.5
py64 Tune A <Nchg>=4.1 H

Pl <Nchg>=2.6

0 5 1 5 20 25 30 35
Number of Charged Particl

1.0E+00
CDF Run 2 Preliminary
1.0E-01 % "=,
=,
e, (= CDF Run 2 <Nchg>=4.5|
1.0E-02 ey
‘.
8"1
> LOEO3 o ----omoooooooo R
3 ey,
S 1.0E-04 s,
o L}
O 10E-05+---\@EW¥Ewy LY B
1)
1.0E-0B o -~~~ ===~ === = mmmm e E—I —————————
Min-Bias 1.96 TeV i [
1.0E-07
Normalized to 1 Charged Particles (|n|<1.0, PT>0.4 GeV/c) I
1.0E-08 -+ f f f f f f f { f f
0 5 10 15 20 25 30 40 45 50 55
Numbe rged Particles
7 decades! “Minumum Bias” Collisions

Proton é é é AntiProton

No MPI!

=» Data at 1.96 TeV on thecharged particle multiplicity (pr > 0.4 GeV/c, fj| < 1) for “min-bias”

collisions at CDF Run 2.

=®» The data are compared withPYTHIA Tune A and Tune A without multiple parton

interactions (pyAnoMPI).

LHC@BNL Workshop Rick Field — Florida/CDF/CMS
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The ™ Undenying Event

Select inelastic non-diffractive events
that contain a hard scattering

Proton M./;”'}:."— e Proton

o ————

e —— e — — = =
— ——— ‘m = 'A‘ -—' N

Hard parton-parton
collisions is hard “Semi-hard” parton-

(P >=2 GeVlc) The “underlying-event” (UE)! parton collision
(pr <=2 GeV/c)

Proton Proton Proton e Proton
+ e —— ) ‘,;;!_ﬂ_'!,;/ ——
Proton Nb—— = Proton
e — *’,y_vi,—‘w"V‘—__‘_J—/ —— +
B LI |

Given that you have one hard
scattering it is more probable to
have MPI! Hence, the UE has
more activity than “min-bias”.

Multiple-parton

interactions (MPI)!
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The Jnél

Occasionally one of

the parton-parton
collisions is hard
(pr >=2 GeVl/c)

Proton Proton

Majority of “min-

¢ “Semi-hard” parton-
bias” events!

parton collision
(pr <=2 GeV/c)

Proton I Proton N i Proton

= Multiple-parton

interactions (MPI)!
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The ™ Undenying Event

Select inelastic non-diffractive events
that contain a hard scattering

Proton M./;”'}:."— e Proton

o ————

e —— e — — = =
— ——— ‘m = 'A‘ -—' N

Hard parton-parton
collisions is hard “Semi-hard” parton-

(P >=2 GeVlc) The “underlying-event” (UE)! parton collision
(pr <=2 GeV/c)

Proton Proton Proton e Proton
+ e —— ) ‘,;;!_ﬂ_'!,;/ ——
Proton Nb—— = Proton
e — *’,y_vi,—‘w"V‘—__‘_J—/ —— +
B LI |

Given that you have one hard
scattering it is more probable to
have MPI! Hence, the UE has
more activity than “min-bias”.

Multiple-parton

interactions (MPI)!
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1.4

Average PT (GeV/c)

Average PT versus Nchg

1 CDF Run 2 Preliminary o
data corrected Min-Bias
generator level theory 1.96 TeV
A e e I
z Charged Particles (|n|<1.0, PT>0.4 GeV/c)
f f

0 10 20

30

Number of Charged Particles

40

= Data at 1.96 TeV on theaverage g of charged particles versus the number of charged

particles (pr > 0.4 GeV/c, | < 1) for “min-bias” collisions at CDF Run 2. Thedata are
corrected to the particle level and are compared v PYTHIA Tune A at the particle

level (.e. generator level).

LHC@BNL Workshop
February 8, 2010

Rick Field — Florida/CDF/CMS

l

Inl< 1 and p;> 0.4 GeV
Data Runll MB+HM

—— Pythia TuneA, hadron level

multiplicity



S: AVErage > I versusNe

Average PT versus Nchg =% Beam-beam remnantsi(e. soft hard core) produces
1.4 low multiplicity and small <p> with <p.>
1 CDF Run 2 Preliminary , ¢ o . p ty ) .p.T Pr
data sorrected Min-Bias independent of the multiplicity.
5121 generator level theory P ’ 1.96 TeV ) )
s L’ q ‘ ® Hard scattering (with no MPI) produces large
o 4 oz . - .
C ol oo T TTLL multiplicity and large <p >
(] 7 L4
g ] y ~J_® Hard scattering (with MPI) produces large
<08 2 { ultiplicity and medium <p >
] E Charged Particles (|n|<1.0, PT>84 GeVic)
0.6 f f f f f f
0 5 10 20 25 30 35 40
Number of Cegd Particles This observable is sensitive
to the MPI tuning!
“Hard” Hard Core (hard scatt ﬂ&)ng parton
“Soft” Hard Core (no hard scatgring)
DF “Min-Bias”
— Proton /‘-\" tiProton Proton AntiProton
— ———————— + Underlying Eyent Al e Underlying Event
§ s
Multiple-Parton Interactions /ougoing Parton Outgoing Parton /-y
Proton .""".,_-,..'\.,, AntiProton
The CDF “min-bias” trigger + Undering Event e BN g Evet
picks up most of the “hard
core” component!  fina-stte
Outgoing Parton, :;Rad\auon
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High P+ Z-Boson Production Outgoing Parton e
Initial-State Radiation ~ fasssser®® » FnabSaeR «hard Scattering” Component
-_—
Proton AntiProton

Z-bosor

Proton AntiProton

Underlying Event

Underlying Event

“Underlying Event”

=» Start with the perturbative Drell-Yan muon pair produ ction and add initial-state gluon radiation (in the
leading log approximation or modified leading log @proximation).

=®» The “underlying event” consists of the “beam-beam rennants” and from particles arising from soft or
semi-soft multiple parton interactions (MPI).

=» Of course the outgoing colored partons fragment it hadron “jet” and inevitably “underlying event”
observables receive contributions from initial-sta¢ radiation.
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Average PT versus Nchg

Average PT versus Nchg

1.4 2.5 —= |
| P P .
1 CDF Run 2 Preliminary . Min-Bias T CDF Run 2 Preliminary l
data corrected * - data corrected
generator level theory 1.96 Tev enerator level theor
312 " ’6\2.0”7779 77777777777 Y - N (U G D S B
> . 3 "Drell-Yan Production”
o gust . o 70 < M(pair) < 110 GeV
= = 1
o o 15+ \
o) o T > -
& > ;
o o
o ]
2 210 g 2" e
ﬁ i Charged Particles (In|<1.0, PT>0.5 GeVic)
i Charged Particles (|n|<1.0, PT>0.4 GeVI/c) T excluding the lepton-pair
0.6 f f f f f f f 05 ; ; ; ; ; ;
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
Number of Charged Particles Number of Charged Particles
. h |
Drell-Yan Production & Lepton
“Minumum Bias” Collisions o
AntiProton

AntiProton

Underlying Event Underlying Event

Anti -Lepton

®» Data at 1.96 TeV on theaverage p of charged particles versus the number of chargedasticles (p; > 0.4 GeV/c, 1j| <
1) for “min-bias” collisions at CDF Run 2. The data are corrected to the partie leveland are compared with
PYTHIA Tune A, Tune DW, and the ATLAS tune at the particle level (i.e. generator level).

= Particle level predictions for theaverage g of charged particles versus the number of chargedasticles (p; > 0.5
GeV/c, f| < 1, excluding the lepton-pair) for forDrell-Yan production (70 < M(pair) < 110 GeV) at CDF Run 2.

LHC@BNL Workshop
February 8, 2010
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= Z-boson production (with low p.(Z) and no MPI)

s ‘ produces low multiplicity and small <p;>.
1 CDF Run 2 Preliminary | HW i ) _
1 data corrected SN ® High p; Z-boson production produces large
generator leve eory \‘\
G 20 T \§ - '4 . . . .
= o X multiplicity and high <p ;>.
) 70 < M(pair) < 110 GeV I‘l‘l
R P - L~ .-\ | ™ Z-boson production (with MPI) produces large
) - ::_;’ T .
§ o multiplicity and medium <p >.
L 10 o pr— - B Nt
Charged Particles (|n|<1.09LT>0.5 GeVi/c)
T excluding the leptoNypair
0.5 1
0 25 30 35
Number of Chal
Drell-Yan Production (no MP ,~“Lep.on High Py Z-Boson Production Outgoing Parton
K I 2 Final-State Radiation
Drell-Yan SN T ‘
— Proton By _. AntiProton + Proton AntiProton
— Underlying Event \'«.5»/4 Underlying Event
EE—
— Drell-Yan Production (with MPI) j‘Lemon
Proton AntiProton
+ Underlying Event Underlying Event
Anti-Lepton ::
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0 5 10 15 20 25
Number of Charged Particles

25 I —
T CDF Run 2 Preliminary
—+ data corrected
enerator level theor: L
gzlo,,,,,g,,r,,,,v ,,,,, y_o___ - X fo |-
2 "Drell-Yan Production”
) 70 < M(pair) < 110 GeV
B 157 . "
o 1 - w»s ™
()] (<2
© = 7
2
< 10 + . g2 é>—™ =7 ===
Charged Particles (|n|<1.0, PT>0.5 GeVi/c)
excluding the lepton-pair
05+ ‘ ‘ ‘ ‘ : :

30

35

Average PT(Z) (GeV/c)

D (2]
o o
| |

N
<
1

PT(zZ-Boson) versus Nchg

TCDF Run 2 Preliminary
R data corrected

generator level theory !
"Drell-Yan Production”
70 < M(pair) < 110 GeV

excluding the lepton-pair

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

0 5 10 15 20 25 30 35
Number of Charged Particles

40

High P Z-Boson Production

Outgoing Parton

.,
v,
,
22,

Proton AntiProton

Z-bosor

= Predictions for the average P(Z-Boson) versus

the number of charged particlegp; > 0.5
GeVl/c, h| < 1, excluding the lepton-pair) for for

Drell-Yan production (70 < M(pair) < 110 GeV)
at CDF Run 2.

= Data on theaverage p of charged particles versus the number of chargedapticles (p; > 0.5 GeV/c,fj| < 1,

excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV) at CDF Run 2. The data are

corrected to the particle level and are compared wh various Monte-Carlo tunes at the particle leveli.e.

generator level).
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P versysNeng

P;(Z) < 10 GeV/c

TCDF Run 2 Preliminary

data corrected

generator level theory

o 12+
3 No MPI!
e
[
o —~
o
=)
g
o
>
<
70 < M(pair) < 110 GeV Charged Particles (|n|<1.0, PT>0.5 GeV/c)
PT(Z) < 10 GeVic excluding the lepton-pair
0.6 1 1 1 1 1 1
0 5 10 15 20 25 30 35

Number of Charged Particles

Drell-Yan Production

X
.‘.’ Lepton
K
o
‘0

“Minumum Bias” Collisions

AntiProton

Underlying Event

Proton AntiProton

Underlying Event

.
Anti-Lepton &

® Data theaverage p of charged particles versus the number of chargedapticles (p; > 0.5 GeVi/c,fj| < 1,
excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV,P,(pair) < 10 GeV/qg at

CDF Run 2. The data are corrected to the particledvel and are compared with various Monte-Carlo tuns at
the particle level (.e. generator level).
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70 < M(pair) < 110 GeV Charged Particles (|n|<1.0, PT>0.5 GeV/c)
PT(Z) < 10 GeVic excluding the lepton-pair
0.6 1 1 1

I//

o 1.2 A ', . ’2\ 1.2 +

3 S

% [

Q e

£ E 104

(] o |

4 2

g g

Z Z08+t-----4

: : : 06 | /

~ ICDFRun 2 Preliminary [ T I|T7T 1. r---- 1 CDF Run 2 Preliminary ~ Drell-Yan PT>05
+ data corrected m :_ M B data corrected
T generator level theory b generator level theory

Min-Bias PT > 0.4 GeV/c

Charged Particles (n|<1.0)

0 5 10 15 20 25 30 35 0 10 20 30
Number of Charged Particles Number of Charged Particles

40

Drell-Yan Production

o
R
o

Remarkably similar behavior!
Perhaps indicating that MPI
playing an important role in

both processes.

AntiProton

Underlying Event Underlying Event

X /
< !
& Lepton

=]

.
Anti-Lepton &

“Minumum Bias” Collisions

AntiProton

® Data theaverage p of charged particles versus the number of chargedapticles (p; > 0.5 GeVi/c,fj| < 1,
excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV,P,(pair) < 10 GeV/qg at
CDF Run 2. The data are corrected to the particledvel and are compared with various Monte-Carlo tuns at

the particle level (.e. generator level).
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Charged Multiplicity Distribution Charged Multiplicity Distribution
1.0E+00 — 1.0E+00 —
10E-01 2 ®ee ot CDF Run 2 Preliminary 10E-01 P ap CDF Run 2 Preliminary
- = CDF Run 2 <Nchg>=4.5 = CDF Run 2 <Nchg>=4.5
1.0E-02 £------ ~ ; ””””””” py Tune A <Nchg>=43 | LOE-02 - - T Qe ——py Tune A <Nchg>=4.3 |
2 1.0E-03 +-- R e S = = pYAnoMPI<Nchg>=26 |- |2 LOE-03 £~~~ N\ ™ww_ - ——DpyA 900 GeV <Nchg>=3.3| - -
£ 10E-04 ®I0E04L SN e
S AN S
£ 1.0E-05 . & LOE-05 £------—mmo N gy o
1.0E-06 MRS LOE-06 -~ o N T Ao
5 1.96 S PR I N S Ming” /7 s
1.0E-07 , 1.0E-07
Charged Particles (jn|<1.0XT>0.4 GeV/c) } Norm 01l Charged Particles (Jn|<1.0, PT>0.4 GeV/ic) I
1.0E-08 f f f f f f f 1.0E-08 f | | |
0/ Z 15 20 25 30 35 40\ \45 50 55 / ,0/ 5. 20 25 30 35 40 45 50 55
| Number of Charged Particles Tune A prediction at | Number of Charged Particles
| No MPI! 900 GeV!
“Minumum Bias” Collisions \ “Minumum Bias” Collisions
Tune Al
Proton AntiProto Proton Proton
=» Data at 1.96 TeV on thecharged particle multiplicity (pr > 0.4 GeV/c, fj| < 1) for “min-bias”
collisions at CDF Run 2.
=®» The data are compared withPYTHIA Tune A and Tune A without multiple parton
interactions (pyAnoMPI).
=» Prediction from PYTHIA Tune A for proton-proton collisions at 900 GeV.
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Charged Particle Density: dN/dn Charged Particle Density: dN/dn
5 5
RDF Preliminary RDF Preliminary
>
24 24 xxxx%x 'R E"?’{éi’"i]}"i *****
i x
A “KI§K§I§ iiKiI La13 a éi? x
,,,,,,, A a s ¥ T %)
s’ ")/—>\ ¥ g’
P B I -
S B ALICE INEL s A UA5
(@)} (o)}
g, meL=hocsoDssD Avene NS wspmWewD e
) 900 GeV pyDW INEL (2.67) ) 900 GeV py3326 lr(r;m( 30)9
Charged Particles (all py) PyS320 INEL (2.70) —py _10mm (3.09)
0 } f f } T T T T T T T O T T T T T T T T T T T
-30 25 -20 -15 -10 -05 00 05 10 15 20 25 3.0 -30 25 -20 -15 -10 -05 00 05 10 15 20 25 30
PseudoRapidity n PseudoRapidity n
“Minumum Bias” Collisions “Minumum Bias” Collisions

Proton ; é é Proton Proton ; é i Proton

®» Compares the 900 GeV data with my favorite PYTHIA Twnes (Tune DW and
Tune S320 Perugia ) Tune DW uses the old @ordered parton shower and the
old MPI model. Tune S320 uses the newrdered parton shower and the new
MPI model. The numbers in parentheses are the avage value of dN/d for the
region |n| < 0.6.
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5| Off by 11%!

Charged Particle Density: dN/dn
5 4
RDF Preliminary
241 = 900 GeV
7] 1] 3+
5 % DW HC (3.30)
8 | 3 py :
L 3 o pyS320 HC (3.36)
P © pyDW SD (0.61)
= S27 ) Sf o pyS320SD (0.53) [~~~ "~
a5 L o i bﬁl_y_li;[;_' = = ,yDW DD (0.59)
= LR/ (e, = = pyS320 DD (0.53)
[ ] /
= INEL = HC+DD+SD R S1l A N, .
< 1l +------ 900Gey T T T = -.:-/=-- == T N\= = =
O ——pyDW times 1.11 (2.97) O
Charged Particles (all py) —pyS320 times 1.11 (3.00) Charged Particles (all p7)
0 1 1 1 1 1 1 1 1 ‘ ‘ ‘ 0 1 ‘ ‘ 1 ‘ ‘ ‘ ‘ ‘ ‘ ‘
-30 -25 -20 -15 -10 -05 00 05 10 15 20 25 30 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
PseudoRapidity n PseudoRapidity n

“Minumum Bias” Collisions “Minumum Bias” Collisions

Proton %E Proton Proton Proton

=» Shows the individual HC, DD, and SD predictions oPYTHIA Tune DW and Tune
S320 Perugia 0. The numbers in parentheses are theerage value of dN/q for the
region |n| < 0.6. | do not trust PYTHIA to model correctly the DD and SD
contributions! | would like to know how well these tunes model thelC component.
We need to look at observables where only HC conbutes!

LHC@BNL Workshop Rick Field — Florida/CDF/CMS Page 55
February 8, 2010



Charged Particle Density
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900 GeV
Charged Particles (all

Charged Particle Density
1}

Charged Particles (all py)
| | | |

B ALICEINEL

pyDW INEL NPT1>0 (4.24)
pyS320 INEL NPT1>0 (4.48) |
= = pyDW INEL (2.67)

= = pyS320 INEL (2.70)

‘ ‘ ‘ ‘ ‘ | 0 : : : : :
30 25 -20 -15 -1.0 -05 O. 30 25 20 -15 5 00 05
PseudoR eudoRapidity n

“Minumum Bias” Collisions / /

Proton Require at least one charged
particle to have p. > 1 GeV/c.

— | This is > 99% HC only!

=» Shows the individual HC, DD, and SD predictions oPYTHIA Tune DW and Tune
S320 Perugia 0. The numbers in parentheses are theerage value of dN/q for the
region |n| < 0.6. | do not trust PYTHIA to model correctly the DD and SD
contributions! | would like to know how well these tunes model thelC component.
We need to look at observables where only HC conbutes!
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“Minumum Bias”

:nsity: dN/dn

= pyDW HC (3.30)
= pyS320 HC (3.36)
= pyDW SD (0.61)
= pyS320 SD (0.53)
= pyDW DD (0.59)
= pyS320 DD (0.53)

pidity n

Collisions



| believe because of th&TAR analysis we are now
in a position to make some predictions at the LHC!

“Minumum Bias” Collisions

Proton AntiProton

®» The amount of activity in “min-bias” collisions.
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| believe b se of th&TAR analysig
in a position some predictio the LHC!
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®» The amount of activity in “mix

Underlying Event

e Stay tuned! UE studies
- at 900 GeV coming soon
from CMS and ATLAS.
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